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Background: Aboriginal and Torres Strait Islander peoples are under-reported in administrative health datasets in
NSW, Australia. Correct reporting of Aboriginal and Torres Strait Islander peoples is essential to measure the
effectiveness of policies and programmes aimed at reducing the health disadvantage experienced by Aboriginal
and Torres Strait Islander peoples. This study investigates the potential of record linkage to enhance reporting of
deaths among Aboriginal and Torres Strait Islander peoples in NSW, Australia.
Methods: Australian Bureau of Statistics death registration data for 2007 were linked with four population health
datasets relating to hospitalisations, emergency department attendances and births. Reporting of deaths was
enhanced from linked records using two methods, and effects on patterns of demographic characteristics and
mortality indicators were examined.
Results: Reporting of deaths increased by 34.5% using an algorithm based on a weight of evidence of a person
being Aboriginal or Torres Strait Islander, and by 56.6% using an approach based on 'at least one report' of a
person being Aboriginal or Torres Strait Islander. The increase was relatively greater in older persons and those
living in less geographically remote areas. Enhancement resulted in a reduction in the urban-remote differential in
median age at death and increases in standardised mortality ratios particularly for chronic conditions.
Conclusions: Record linkage creates a statistical construct that helps to correct under-reporting of deaths and
potential bias in mortality statistics for Aboriginal and Torres Strait Islander peoples.Background
Improving the health of Aboriginal and Torres Strait Is-
lander peoples is a priority under the Australian Govern-
ment’s National Partnership Agreement on Closing the
Gap on Indigenous Health Outcomes [1]. This Agree-
ment aims to reduce the disadvantage experienced by
Aboriginal and Torres Strait Islander peoples with re-
spect to life expectancy, child mortality, access to early
childhood education, educational achievement and em-
ployment outcomes. Correct reporting of Aboriginal and
Torres Strait Islander peoples in health and health-
related data collections is essential to measure the effect-
iveness of policies and programmes aimed at reducing* Correspondence: ltayl@doh.health.nsw.gov.au
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reproduction in any medium, provided the orthe health disadvantage experienced by Aboriginal and
Torres Strait Islander peoples.
New South Wales (NSW) has the largest population
and the largest Aboriginal and Torres Strait Islander
population of all Australian States and Territories; com-
prising 7.2 million people (32% of the Australian popula-
tion), and about 155,700 people (30% of the Australian
Aboriginal and Torres Strait Islander population) re-
spectively [2].
As Aboriginal or Torres Strait Islander people are not
always correctly reported in death registrations on which
the Australian Bureau of Statistics (ABS) death data are
based, the number of deaths among Aboriginal and
Torres Strait Islander peoples is under-reported. Using a
record linkage method (linking Census to death registra-
tions data), the ABS estimated that the rate of reportingtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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peoples was 76% in 2006–07 [3].
As the Census is carried out every five years, a mech-
anism is needed to correct the under-reporting of deaths
among Aboriginal and Torres Strait Islander peoples on
an annual basis. Record linkage of routinely collected
health data with ABS death data provides a possible
method to increase reporting of deaths among Aborigi-
nal and Torres Strait Islander peoples. Information on
Aboriginal and Torres Strait Islander peoples is drawn
from all linked records and used to ‘enhance’ informa-
tion on the ABS death data.
Record linkage has been used previously to enhance
reporting of indigenous peoples on mortality data in Aus-
tralia, New Zealand and Canada using various approaches
[3-8]. Methods have included reporting a person as indi-
genous where: any linked record indicates the person is
indigenous; a person is reported as indigenous on at least
50% of linked records; a person is reported as indigenous
on at least 2 linked records and/or records from at least 2
hospitals; or where information on whether the person is
indigenous is missing from the dataset of interest and a
linked record reported that they are indigenous. Many of
these previous approaches do not take into account the
possibility of incorrect enhancement due to occasional
incorrect links or data entry errors resulting in incorrect
reports of a non-indigenous person as indigenous in the
source datasets. While the overall rate of such problems
may be low, where linked datasets are very large, and in-
digenous populations are relatively small, a low rate of in-
correct links or data entry errors could make a
substantial difference to the number of deaths reported
after enhancement.
This study estimates the level of increased reporting of
deaths among Aboriginal and Torres Strait Islander peo-
ples in NSW on the ABS death data that is achieved by
using linked records from a range of health and health-
related datasets, and the impact on mortality rates. Base-
line reporting of deaths on the ABS data is compared
with two methods of enhancement: first, where there is
any linked record that indicates a person is Aboriginal
or Torres Strait Islander; and second, an algorithm that
uses a weight of evidence to report a person as Aborigi-
nal or Torres Strait Islander.
Methods
Ethical approval was obtained from the NSW Population
and Health Services Research Ethics Committee and the
Aboriginal Health and Medical Research Council
(AH&MRC) Ethics Committee. A Reference Group of
community members nominated by the AH&MRC pro-
vided advice on issues relevant to Aboriginal and Torres
Strait Islander peoples in NSW and on interpretation of
results.Data sources
ABS compiles and processes death registration data col-
lected by Australian state and territory Registrars of
Births, Deaths and Marriages (RBDM). Records of birth
registrations were obtained from the NSW RBDM. Birth
and death registration data are based on the year of
registration of the birth or death. The following data
were obtained from the NSW Ministry of Health:
 The NSW Admitted Patient Data (APD) covers
demographic and episode related data for every
inpatient that is admitted to any public, private, and
repatriation hospital, private day procedure centre,
or public nursing home in NSW. APD data are
based on the year of hospital separation.
 The NSW Emergency Department Data Collection
(EDDC) covers demographic and emergency
treatment related data for every person that presents
to major public emergency departments in NSW.
EDDC data are based on the year of emergency
department attendance.
 The NSW Perinatal Data Collection (PDC) covers
demographic and birth related data for every birth
in NSW in public and private hospitals and
homebirths and includes information on mothers
and infants. PDC data are based on the year of
baby’s birth.
Record linkage and dataset preparation
The APD (1 July 2000 – 31 December 2007), EDDC
(1 January 2005 – 31 December 2007), PDC (1 January
2000 – 31 December 2007), RBDM birth registration
data (1 January 2000 – 31 December 2007) and ABS
death data (deaths registered in NSW in 2007) were
linked by the Centre for Health Record Linkage
(CHeReL) [9]. The CHeReL uses a best practice approach
in privacy preserving record linkage [10] and the open
source probabilistic record linkage software Choice-
Maker [11]. The CHeReL used the following information
on the APD, PDC, and RBDM birth registration datasets
to probabilistically link records for the same person: full
name, mother’s name (in the case of a birth), address,
sex, date of birth, country of birth, hospital code, medical
record number, hospital dates of admission and dis-
charge, hospital transferred to, hospital transferred from,
date of death, and date of emergency department attend-
ance. ChoiceMaker uses ‘blocking’ and ‘scoring’ to iden-
tify definite and possible matches. During blocking
ChoiceMaker searches the target datasets for records
that are possible matches to each other. There are two
types of blocking: exact blocking requires records to have
the same set of valid fields and the same values for these
fields; automated blocking builds a set of conditions to
find as many records as possible that potentially match
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istic decision, computed using a machine learning tech-
nique, and absolute rules, including upper and lower
probability cut-offs, to determine the final decision as to
whether each match denotes or possibly denotes the
same person.
ABS death data were deterministically linked to RBDM
death registration records using the death registration
number. Information on whether a person was Aborigi-
nal or Torres Strait Islander was not used for record
linkage. For the entire linked dataset the CHeReL
reported the linkage quality as less than 5/1,000 missed
links and 4/1,000 false positive links.
The final analysis dataset comprised 46 139 ABS death
records linked to 648 746 records from population data-
sets: APD n= 511 949, EDDC n= 135 657, RBDM birth
registration records (mothers) n= 194, RBDM birth
registration records (infants) n= 332, PDC records
(mothers) n= 211, and PDC records (infants) n= 403.
There was at least one linked record for 44 328 (96.1%)
deaths.
Data analysis
Due to the small numbers of deaths among Torres Strait
Islander people in NSW, deaths among Aboriginal and
Torres Strait Islander peoples were considered as a
group for the purpose of the analysis.
For babies, if the mother was recorded as Aboriginal
or Torres Strait Islander on the PDC, the baby was
recorded as Aboriginal or Torres Strait Islander. Simi-
larly, for the RBDM birth registrations, if the mother or
father were recorded as Aboriginal or Torres Strait Is-
lander, then the baby was recorded as Aboriginal or
Torres Strait Islander.
Persons reported as Aboriginal or Torres Strait Is-
lander on the ABS death data were accepted as reported.
We considered various approaches to assessing the
weight of evidence from linked records where a person
was reported as non-Aboriginal or Torres Strait Islander
on the ABS death record or where this information was
missing. Previous work using linked death and hospital
records found that an algorithm relying on the number
of linked records and number of hospitals reporting a
person as Aboriginal or Torres Strait Islander resulted in
a higher number of reported deaths than an algorithm
relying on a proportion of linked records and/or hospi-
tals [8]. From this we developed the concept of a ‘unit of
information’, which relies on information about whether
a person is Aboriginal or Torres Strait Islander being
collected independently for each data collection and
each health service encounter. For this study, we defined
a ‘unit of information’ as information on an Aboriginal
or Torres Strait Islander person obtained from one of: a
RBDM birth registration record, a PDC record, anEDDC record, an ABS death record or a record from
the APD representing a hospital stay.
The number of deaths among Aboriginal and Torres
Strait Islander peoples that were recorded in ABS death
data was compared to the number of deaths ascertained
by the following two enhancement methods:
1. If at least one linked record reported the person as
Aboriginal or Torres Strait Islander then the death
was considered to be of an Aboriginal or Torres
Strait Islander person.
2. According to the following algorithm:
a) a death reported for an Aboriginal or Torres
Strait Islander person on the ABS death data was
accepted as reported;
b) for remaining deaths:
i) if the person had 3 or more linked units of
information, then the death was considered to
be of an Aboriginal or Torres Strait Islander
person where at least 2 linked units of
information reported the person as Aboriginal
or Torres Strait Islander; or
ii) if the person had 1 or 2 linked units of
information the death was considered to be of
an Aboriginal or Torres Strait Islander person
where at least 1 linked unit of information
reported the person as Aboriginal or Torres
Strait Islander.We examined unenhanced and enhanced counts of
deaths by age, sex, geographic remoteness and cause of
death. Geographic remoteness was measured using the
Accessibility/Remoteness Index of Australia (ARIA+)
[12]; 1.2% of death records could not be assigned an
ARIA + code. We examined median age at death, and
indirectly standardised mortality ratios (SMRs) for car-
diovascular diseases (ICD-10 [13]: I00-I99), cancer
(ICD-10: C00-C97) and external causes (ICD-10: V01-
Y98). SMRs were calculated as follows: standard death
rates by five year age group were obtained using ABS
Australian death data for 2006 and the ABS estimated
resident Australian population for the Census year
2006 [14]; these rates were applied to the ABS esti-
mated Aboriginal and Torres Strait Islander popula-
tion NSW 2007 [2] by sex and five year age group
and summed to obtain the expected number of Abo-
riginal and Torres Strait Islander deaths; finally, the
ratios of observed number of deaths for the three
groups ‘as reported’, the algorithm and ‘at least one
report’ were compared to the expected number of
deaths to give SMRs for the three groups. Exact confi-
dence intervals were calculated for the SMRs using the
Gamma distribution. Analyses were carried out using
SAS 9.2 [15].
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There were 580 ABS records of deaths among Aborigi-
nal and Torres Strait Islander peoples that were regis-
tered in NSW in 2007. This represents the minimum
number of reported deaths and provides a baseline for
comparison. After record linkage, enhancement resulted
in 780 reported deaths using the algorithm and 908Table 1 Deaths among Aboriginal and Torres Strait Islander p

































Data source: Australian Bureau of Statistics death data linked with records of the NS
Perinatal Data Collection and Registry of Births, Deaths and Marriages birth registra
aFor 3 or more linked units of information 2 are required to report an individual as
bDifference between the number of enhanced deaths and the “As-reported” deaths
cAccessibility/Remoteness Index of Australia—ARIA Plus 12.
dCancer cause of death codes ICD-10: C00-C97.
eCardiovascular diseases cause of death codes ICD-10: I00-I99.
fExternal causes of death codes ICD-10: V01-Y98.
gTotal includes records with missing information on demographic characteristics.reported deaths using ‘at least one linked record’ where
the person was reported as Aboriginal or Torres Strait
Islander (Table 1).
After enhancement, apart from those less than one year
of age, there was little increase in the numbers of
reported deaths among Aboriginal and Torres Strait Is-





Algorithma At least 1 report
No. No. Increase%b No. Increase%b
38 45 18.4 50 31.6
6 7 16.7 8 33.3
1 1 0.0 1 0.0
2 4 100.0 5 150.0
3 4 33.3 4 33.3
6 9 50.0 9 50.0
7 11 57.1 11 57.1
16 21 31.3 22 37.5
20 25 25.0 30 50.0
36 46 27.8 49 36.1
50 62 24.0 66 32.0
47 60 27.7 64 36.2
45 57 26.7 64 42.2
65 80 23.1 89 36.9
59 78 32.2 90 52.5
55 73 32.7 83 50.9
38 58 52.6 77 102.6
29 47 62.1 65 124.1
57 92 61.4 121 112.3
311 420 35.0 486 56.3
269 360 33.8 422 56.9
171 247 44.4 293 71.3
190 255 34.2 304 60.0
137 178 29.9 203 48.2
47 55 17.0 60 27.7
23 26 13.0 28 21.7
128 188 46.9 227 77.3
181 234 29.3 273 50.8
56 73 30.4 85 51.8
580 780 34.5 908 56.6
W Admitted Patient Data, NSW Emergency Department Data Collection, NSW
tion data.
Aboriginal or Torres Strait Islander, otherwise 1 is sufficient.
as a percentage of the “As-reported” number of deaths.
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ing age. After enhancement, there was also a greater pro-
portional increase in reported deaths among those aged
75 years and over, compared to younger adult age groups,
while the proportional increase in reported deaths among
children and young people was quite variable between
age groups.
Each enhancement method produced similar rates of
increased reporting for both males and females. For geo-
graphic remoteness, the increase in number of reported
deaths was greatest in the major cities, with enhancement
rates decreasing with increasing remoteness. While
deaths due to cardiovascular diseases were most common
of the three groups, rates of enhancement among persons
who died of cancer were substantially higher than those
of persons who died of cardiovascular diseases.
The median age at death based on unadjusted ABS
death data was higher for males and females combined
living in remote and very remote areas compared to
more urban areas (Table 2). After enhancement there
was an increase in the median age at death among males
and females combined for those living in major cities,
with small variations in other remoteness groups. The
effect of enhancement was to reduce the urban-remote
differential in median age at death.
The median age at death for cardiovascular diseases
rose by 3.2 years after enhancement with the algorithm,
and 5.3 years after enhancement with ‘at least oneTable 2 Median age at death for Aboriginal and Torres Strait
death, and geographic remoteness, New South Wales Austral
Cause of death – geographic remoteness
As reported
Male Female
Cause of death Cancerb 64.4 63.6
Cardiovascular diseasesc 61.1 72.0
External causesd 36.8 40.4
Geographic remoteness
(ARIA+) e
Major Cities 59.5 66.1
Inner Regional 62.5 61.9
Outer Regional 56.0 65.7
Remote 60.0 58.8
Very Remote 63.2 65.0
Total f 59.5 63.5
Data source: Australian Bureau of Statistics death data linked with records of the NS
Perinatal Data Collection and Registry of Births, Deaths and Marriages birth registra
aFor 3 or more linked units of information 2 are required to report an individual as
bCancer cause of death codes ICD-10: C00-C97.
cCardiovascular diseases cause of death codes ICD-10: I00-I99.
dExternal causes of death codes ICD-10: V01-Y98
eAccessibility/Remoteness Index of Australia—ARIA Plus 12.
fTotal includes records with missing information ARIA+ or cause of death.report’; median ages at death for males and females fol-
lowed a similar pattern. For cancer and external causes
of death, the median age at death varied little with the
two enhancement methods.
Enhancement resulted in higher standardised mortality
ratios (SMRs) for all causes of death examined and for
both sexes (Table 3). As expected, enhancement based
on ‘at least one report’ resulted in higher standardised
mortality ratios compared with enhancement based on
the algorithm. For males the largest absolute increase in
SMR was for cancer followed by cardiovascular diseases
and then external cause mortality; for females the largest
absolute increase was for cardiovascular diseases, fol-
lowed by cancer and then external causes.
Discussion
Enhancement of reporting of deaths among Aboriginal
and Torres Strait Islander peoples using record linkage
with a range of population datasets resulted in a sub-
stantial increase in the number of reported deaths. Com-
pared to the baseline reporting of 580 deaths in 2007, an
algorithm based on assessing the weight of evidence of a
person being Aboriginal or Torres Strait Islander
increased reporting by an additional 200 (34.5%) deaths.
Enhancement using ‘at least one report’ of a person
being Aboriginal or Torres Strait Islander increased
reporting by an additional 328 (56.6%) deaths. The level




Algorithma At least 1 report
Total Male Female Total Male Female Total
64.3 64.6 62.5 63.8 65.2 64.4 65.0
65.9 64.8 73.5 69.1 66.0 76.5 71.2
39.5 39.9 39.7 39.7 38.0 40.4 39.7
61.7 61.0 66.3 62.8 62.4 67.1 64.9
62.1 61.9 65.2 63.0 62.9 68.8 65.1
59.9 57.8 63.4 60.5 59.6 65.0 61.1
59.9 61.2 60.6 61.2 63.2 63.0 63.2
64.4 62.9 65.0 63.9 63.2 69.1 64.7
61.1 60.8 65.1 62.6 62.1 67.0 63.9
W Admitted Patient Data, NSW Emergency Department Data Collection, NSW
tion data.
Aboriginal or Torres Strait Islander, otherwise 1 is sufficient.
Table 3 Standardised mortality ratios for Aboriginal and Torres Strait Islander peoples by method of reporting, sex
and cause of death, New South Wales Australia 2007
Cause of death Method of
enhancement
Males Females Total
SMR 95% CI SMR 95% CI SMR 95% CI
Cancera As reported 152.3 119.6 - 191.2 130.3 97.9 - 170.1 141.1 117.7 - 167.8
Algorithme 223.3 182.3 - 268.4 193.1 153.1 - 240.3 207.2 178.7 - 239.1
At least one report 275.8 231.1 - 326.6 224.5 181.2 - 275.0 250.2 218.7 - 285.0
Cardiovascular diseasesb As reported 261.6 212.8 - 318.1 252.9 200.8 - 314.3 254.7 219.0 - 294.6
Algorithme 329.6 274.6 - 392.4 337.2 276.6 - 407.1 329.3 288.5 - 374.3
At least one report 368.8 310.5 - 435.0 412.1 344.8 - 488.7 384.2 340.0 - 432.6
External causesc As reported 126.8 88.3 - 176.3 205.8 127.4 - 314.6 146.6 110.7 - 190.4
Algorithme 173.9 128.2 - 230.6 245.0 158.5 - 361.6 191.1 149.8 - 240.3
At least one report 195.6 147.0 - 255.3 303.8 206.4 - 431.2 222.5 177.7 - 275.2
Total As reported 190.6 170.0 - 213.0 213.0 188.3 - 240.1 198.7 182.9 - 215.6
Algorithme 257.4 233.4 - 283.3 285.1 256.4 - 316.1 267.3 248.8 - 286.7
At least one report 297.9 272.0 - 325.6 334.2 303.0 - 367.6 311.1 291.2 - 332.1
Data sources: Australian Bureau of Statistics (ABS) death registration data for NSW linked with records of the NSW Admitted Patient Data, NSW Emergency
Department Data Collection, NSW Perinatal Data Collection and Registry of Births, Deaths and Marriages birth registration data; ABS Aboriginal and Torres Strait
Islander estimated resident population NSW 20072; and standard death rates were obtained using ABS Australian death data 2006 and the estimated resident
Australian population 2006 14.
CI Confidence interval.
aCancer cause of death codes ICD-10: C00-C97.
bCardiovascular diseases cause of death codes ICD-10: I00-I99.
cExternal causes of death codes ICD-10: V01-Y98.
eFor 3 or more linked units of information 2 are required to report an individual as Aboriginal or Torres Strait Islander, otherwise 1 is sufficient.
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therefore estimated at 74.4% based on enhancement with
the algorithm or 63.9% based on ‘at least 1 report’.
In relation to age, the greatest enhancement in report-
ing of deaths was found in older people. As hospital
records comprised 78.9% of the linked records and hos-
pitalisation is more common among older people, there
was a greater opportunity to enhance reporting of deaths
among older Aboriginal or Torres Strait Islander people
compared to younger people. There was also greater en-
hancement of reported deaths for those with chronic
conditions, which are likely to generate many hospital
records, compared to acute conditions. Enhanced
reporting of deaths resulted in increases in SMRs, with a
greater proportional increase in SMRs for cancer and
cardiovascular diseases compared to external causes of
death.
It is not known whether the observed differential en-
hancement of number of deaths by age resulted in a
biased age distribution in the enhanced dataset, or
served to correct a reporting bias in the original dataset.
While not examined as part of this project, the observed
differential enhancement of death data by age would be
expected to change estimates of life expectancy for Abo-
riginal and Torres Strait Islander peoples. Further re-
search is needed to ascertain whether the age
distribution in the enhanced dataset is a true reflectionof the age distribution of Aboriginal and Torres Strait Is-
lander peoples who died. For example, linkage of the
enhanced dataset with a sample of records from a data-
set that is known to have reliable reporting of Aboriginal
and Torres Strait Islander peoples, such as records from
Aboriginal community controlled health services, could
be used to explore this.
For geographic remoteness, enhanced reporting of
deaths was associated with decreasing geographic re-
moteness of residence from remote areas to major cities,
resulting in a reduction in the urban-remote differential
in median age at death. The percentage increase in num-
ber of deaths resulting from enhancement was similar
for males and females.
The level of reporting of deaths among Aboriginal and
Torres Strait Islander peoples in NSW on ABS death
data based on enhancement with the algorithm (74.4%)
is similar to that found by ABS for NSW deaths in a
eleven-month period in 2006 and 2007 using linked
death and Census records (76.3%) [3]. The pattern of
increased enhancement for older persons and non-
remote regions observed in this study was also observed
by Briffa et al [6] in Western Australia using the ‘at least
one report’ approach.
There is some advantage in using administrative health
datasets for linkage as these are available on a continu-
ing basis, whereas Census data are available every 5 years.
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for a short time after the Census as personal identifiers
are removed once the dataset is finalised.
In considering whether to use an approach based on
an algorithm that uses the weight of evidence for
whether a person is indigenous or an approach based on
‘at least one report’, the likelihood of misclassification of
an indigenous person as non-indigenous or vice-versa
should be taken into account. A national survey esti-
mated the level of correct reporting of Aboriginal and
Torres Strait Islander peoples on NSW public hospital
admitted patient data in 2007 to be 88% [16], while an
analysis of linked records estimated the level of correct
reporting of Aboriginal and Torres Strait Islander peo-
ples on the PDC to be 68.0% [17]. There is no informa-
tion on the quality of reporting of Aboriginal and Torres
Strait Islander peoples on the EDDC or RBDM birth
registration data. In terms of misclassification of a
non-indigenous person as indigenous, incorrect links or
incorrect reporting on the source record should be con-
sidered. In order to create the observed difference of 128
deaths between the two enhancement methods in this
study, a misclassification rate of about 1.9 per 10,000
linked records would be required. Thus, an extremely
low misclassification rate in a large linked dataset can
make a substantial difference to the number of reported
deaths among indigenous peoples when an ‘at least one
report’ method of enhancement is used. We suggest
that, for enhancement methods using administrative
health datasets, the preference should be towards an al-
gorithm that incorporates a weight of evidence. In this
study the number of deaths reported among Aboriginal
and Torres Strait Islander peoples on the ABS death
data is relatively small (n= 580), the chance of incorrect
reporting of a non-Aboriginal or Torres Strait Islander
person as Aboriginal or Torres Strait Islander is also
likely to be small, and we suggest that this information
be accepted as reported.
It is likely that some deaths of Aboriginal or Torres
Strait Islander people are not included in the enhanced
counts. There were no linked records for 3.9% of ABS
death records. It was not possible to attempt to enhance
reporting of deaths for those Aboriginal or Torres Strait
Islander people who did not have a relevant health ser-
vice encounter, or given birth or been born, in the
period covered by the study. It is also possible that some
Aboriginal or Torres Strait Islander people were not
reported as Aboriginal or Torres Strait Islander on the
ABS death record or on any of their linked records. It is
therefore likely that the count of deaths based on en-
hancement with the algorithm still represents an under-
estimate of the true number of deaths.
Enhancement of reporting of deaths using record link-
age does not define whether a person is indigenous.Rather, record linkage results in a statistical construct
created for the purposes of planning and research. It
provides a mechanism to help reduce the under-
reporting of deaths among indigenous peoples in official
statistics, and allows adjustment of historical data to ob-
tain improved estimates of the mortality experience of
indigenous peoples. Importantly in this study, record
linkage resulted in correction of some of the bias in
mortality measures resulting from relative under-
reporting of Aboriginal and Torres Strait Islander peo-
ples resident in major cities and less remote geographic
areas.
We chose to carry out enhancement using all available
linked records. A smaller number of years of linked data
could have been used, and would have resulted in a dif-
ferent number of reported deaths. Any statistical con-
struct will depend on the purpose for which the data are
intended to be used. For example, if the purpose was to
examine trends in mortality among over several years,
the range of datasets and the years of linked data used
should be consistent for each year included in such a
study.
Various approaches are possible for algorithms incorp-
orating a weight of evidence, such as a requirement that
a certain percentage (e.g. 50%, 75% or 90%) of linked
records report that the person is indigenous. Algorithms
based on a proportion of records reporting a person as
indigenous require a greater weight of evidence than the
algorithm used in this study, and would result in a rela-
tively smaller increase in the number of deaths reported
as a result of the enhancement. We believe that
enhanced reporting of deaths using the algorithm devel-
oped in this study provides a balance between achieving
a reasonable weight of evidence that a person is indigen-
ous, and maximising the number of additional deaths
found through the enhancement.
It would also be possible to develop algorithms where
different data collections carry different weights of evi-
dence. For example, linkage could include records from
health services that are dedicated to providing services to
indigenous people, and these records could provide a
greater weight of evidence that a person is indigenous
than records collected as part of universal health services.
Factors that should be taken into account in determining
which datasets should be linked for enhancement pur-
poses include: previous validations studies, representa-
tiveness of the community, and the extent to which
information in each dataset is collected independently.
Finally, while record linkage provides a mechanism to
deal with the issues of under-reporting of deaths among
indigenous peoples and to help correct reporting in his-
torical data, it is not a replacement for continued efforts
to increase reporting of indigenous peoples on adminis-
trative health data collections and death registrations.
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Record linkage provides a mechanism to help reduce the
under-reporting of deaths among indigenous peoples in
official statistics, and allows adjustment of historical data
to obtain improved estimates of the mortality experience
of indigenous peoples. In this study, record linkage
enabled correction of some of the bias in mortality mea-
sures resulting from relative under-reporting of Aborigi-
nal and Torres Strait Islander peoples resident in major
cities and less remote geographic areas.
Competing interests
The authors declare that they have no competing interests.
Acknowledgements
We gratefully acknowledge the Reference Group of community
representatives nominated by the Aboriginal Health and Medical Research
Council of New South Wales, whose members provided advice on the
factors that affect reporting of Aboriginal people on administrative data
collections, feedback on data quality issues and advice on interpretation of
results. The project was funded by the Population Health Division of the
NSW Ministry of Health. We thank staff in the Centre for Epidemiology and
Research: Kim Lim for management of the linked datasets and checking
programmes used in the analysis, and George Doukas for administering the
datasets held on the Health Outcomes and Information Statistical Toolkit
(HOIST) data warehouse. ChoiceMaker Technologies Inc. developed the
ChoiceMaker software and contributed it to the open source community.
Author details
1Centre for Epidemiology and Evidence, NSW Ministry of Health, Locked Mail
Bag 961, North Sydney, NSW 2059, Australia. 2Aboriginal Health and Medical
Research Council of New South Wales, PO Box 1565, Strawberry Hills, NSW
2012, Australia. 3National Centre for Classification in Health, Faculty of Health
Sciences, Cumberland Campus C42, The University of Sydney, PO Box 170,
Lidcombe, NSW 1825, Australia. 4National Centre for Aboriginal and Torres
Strait Islander Statistics, Australian Bureau of Statistics, Locked Bag 10,
Belconnen, ACT 2616, Australia. 5Demand and Performance Evaluation, NSW
Ministry of Health, Locked Mail Bag 961, North Sydney, NSW 2059, Australia.
6Monitoring, Evaluation and Research, Cancer Institute NSW, PO Box 41,
Alexandria, NSW 1435, Australia.
Authors’ contributions
LKT and JB conceptualised the study. All authors contributed to the
development of the methods. JB carried out the data analysis. JB and LT
drafted the manuscript. All authors participated in the revision of the
manuscript, and read and approved the final manuscript.
Received: 3 January 2012 Accepted: 2 July 2012
Published: 2 July 2012
References
1. Australian Government: Closing the Gap on Indigenous Disadvantage: The
Challenge for Australia. Canberra: Australian Government; 2009.
2. Australian Bureau of Statistics: Experimental Estimates and Projections,
Indigenous Australians. Cat. no. 3238.0. Canberra: ABS; 2009.
3. Australian Bureau of Statistics: Information Paper: Census Data Enhancement
– Indigenous Mortality Quality Study. Cat. no. 4723.0. Canberra: ABS; 2008.
4. Ajwani S, Blakely T, Robson B, Atkinson J, Kiro C: Unlocking the numerator-
denominator bias for the 1980s and the 1990s. NZCMS technical report no. 4.
Wellington: Department of Public Health & University of Otago; 2003.
5. Wilkins R, Tjepkema M, Mustard C, Choniere R: The Canadian census
mortality follow-up study, 1991 through 2001. Health Reports, Statistics
Canada, Cat. no. 82–003, Volume 1. 19th edition; 2008:7–19.
6. Briffa TG, Sanfilippo FM, Hobbs MST, Ridout SC, Katzenellenbogen JM,
Thompson PL, Thompson SC: Under-ascertainment of Aboriginality in
records of cardiovascular disease in hospital morbidity and mortality
data in Western Australia: a record linkage study. BMC Med Res Methodol
2010, 10:111.http://www.abs.gov.au/ausstats/abs@.nsf/mf/3105.0.65.001.
7. Draper GK, Somerford PJ, Pilkington AAG, Thompson SC: What is the
impact of missing indigenous status on mortality estimates? An
assessment using record linkage in Western Australia. Aust N Z J Public
Health 2009, 33:325–331.
8. Neville SE, Taylor LK, Moore H, Madden M, Ring I, Jackson Pulver L:
Enhancement of reporting of deaths among Aboriginal and Torres Strait
Islander peoples in ABS mortality data through linkage with hospital
data. Aust N Z J Public Health 2011, 35:543–548.
9. Centre for Health Record Linkage; http://www.cherel.org.au.
10. Kelman CW, Bass AJ, Holman CDJ: Research use of linked health data – a
best practice protocol. Aust N Z J Public Health 2002, 26:251–255.
11. Open Source ChoiceMaker Technology; http://oscmt.sourceforge.net.
12. National Centre for Social Applications of Geographic Information Systems
(GISCA), School of Social Sciences, University of Adelaide: Accessibility/
Remoteness Index of Australia—ARIA Plus; http://gisca.adelaide.edu.au/
projects/category/aria.html.
13. World Health Organisation: International Statistical Classification of Diseases
and Related Health Problems — 10th Revision. Geneva: WHO; 1992.
14. Australian Bureau of Statistics: Australian Historical Population Statistics; 2008
15. SAS Institute Inc: SAS 9.2 [computer program]. Cary: SAS Institute Inc; 2008.
16. Australian Institute of Health and Welfare: Indigenous identification in
hospital separations data: quality report. Cat. no. HSE 85. Canberra: AIHW;
2010.
17. Centre for Epidemiology and Research, NSW Department of Health: New
South Wales Mothers and Babies 2008, Volume S-2. 21st edition. N S W
Public Health Bull; 2010.
doi:10.1186/1471-2288-12-91
Cite this article as: Taylor et al.: Enhanced reporting of deaths among
Aboriginal and Torres Strait Islander peoples using linked administrative
health datasets. BMC Medical Research Methodology 2012 12:91.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
